Sphaerophorus necrophorus (bovine liver abscess isolates) antiserum was fractionated and labeled with fluorescein isothiocyanate. The fluorescent-antibody (FA) conjugate proved to be species-specific and facilitated the detection of S. necrophorus cells in liver abscesses, viscera, and ruminal contents of cattle. Brightly fluorescing S. necrophorus cells were observed in experimentally inoculated soil incubated anaerobically at 37 and 4 C for 8 and 10 months, respectively. When incubated under moist conditions (80% water holding capacity) at 37 C, the test organism survived in both sterile and unsterile soil for as long as 8 weeks. Results strongly support the feasibility of using FA techniques concurrent with cultural methods for rapid detection of S. necrophorus infections.
Sphaerophorus necrophorus is a highly pleomorphic, gram-negative, obligate anaerobe which can produce necrotic, gangrenous, or purulent lesions in man and animals (2, 7, 8) . Its ability to induce hepatic abscesses in cattle has caused considerable economic loss through the condemnation of infected livers (15) . Moreover, its consistent association with enzootic foot-rot infections in cattle and sheep has led to the growing suspicion that this pathogen could survive in soil (10, 12) . Knowledge of the ecology of this pathogen is meager despite its apparent widespread distribution probably because convenient methods for its detection are not available.
This study was undertaken to explore the feasibility of applying immunofluorescence, concurrent with cultural methods, to investigate certain aspects of the ecology and survival of S. necrophorus.
MATERIALS AND METHODS Organism and media. Ten bovine liver abscesses
were obtained from freshly slaughtered animals and brought to the laboratory for study. S. necrophorus was isolated from each abscess by the decimal dilution technique of Calkins and Schrivner (5) . The isolates were grown in fluid thioglycolate medium and cooked meat broth or streaked on blood-agar plates (5% defibrinated bovine blood) and incubated at 37 C under a 5% CO2 plus 95% N2 or H2 gas phase. Identification of S. necrophorus isolates was verified by morphological, cultural, pathogenicity, and antibiotic sensitivity tests (4, 8, 9) . For inoculum and antigen preparations, 24-to 48-hr cultures were used. In each case, retrospective checks of the purity of the culture were made on 5% bovine blood-agar.
Preparation of conjugated antiserum. Washed S.
necrophorus cells were suspended in 0.3% formolized phosphate-buffered saline (PBS, pH 7.1) and adjusted to a turbidity equivalent to that of Brown's opacity tube no. 8 (Burroughs Weilcome and Co., London).
Since there were no detectable variations among the 10 S. necrophorus isolates, their growth was pooled into three batches of antigen. Young rabbits (four per batch of antigen and one control) were bled before injection. Preimmune serum was used as a control and for verifying the absence of antibodies against S. necrophorus. An initial dose of 0.5 ml of a 1:1 antigensodium alginate (Colab, Weston, Ontario) mixture was injected subcutaneously into four sites of each rabbit's abdomen. This was followed by 10 intravenous injections spaced every other day for 4 weeks with doses increasing from 0.1 to 2.0 ml. Final bleeding was done after a 10-day pause from the last injection.
Antibodies against S. necrophorus were detected by agglutination and diffusion techniques. The latter technique was also applied to both intact cells and crude cell fractions. Cells were broken by ultrasonic disruption for 10 min. Crude cell wall fraction was sedimented after spinning the disrupted cells at 18,000 X g for 10 min. The 18,000 X g supernatant constituted the cytoplasmic fraction.
Antiserum was fractionated by two methods, the first involving direct ammonium sulfate precipitation (14) and the second procedure employing rivanol (2-ethoxy-6,9-diaminacridine lactate) to obtain a chromatographically pure gamma globulin in solution (1) A two-part experiment was devised to evaluate the effect of incubation time and temperature on the antigenic reactivity of the test organism. The first part consisted of two sets of tubes incubated at 37 and 4 C. One set was kept anaerobic under a CO2 plus N2 atmosphere; to the other set about 1-cm layer of water was maintained above the soil surface. At monthly intervals, for 10 months, duplicate tubes were removed from each set and smears from diluted samples were subjected to direct FA examination.
In the second part of the experiment, autoclaved and unsterile soils were inoculated with the test organism and the moisture content was adjusted to 80% of the water-holding capacity (WHC). Both inoculated soils and the corresponding uninoculated controls were partitioned into four sets and incubated as follows: set 1, 37 C, N2 plus CO2 atmosphere; set 2, 37 C, air; set 3, 22 C, air; set 4, 4 C, air. Tubes were removed from each set at 0, 3, 5, 8, and 16 weeks and examined by FA procedures. A short-term study was also undertaken to assess the relative survival of S. necrophorus in both sterile and unsterile soils. Samples were removed weekly and processed by cultural and FA methods for the presence of viable and fluorescing S. necrophorus cells. In a parallel experiment, heat-sterilized glass slides were buried in duplicate jars of inoculated sterilized and unsterile soils and incubated at 37 C. At weekly intervals, slides representing each treatment were removed and stained with the antibody conjugate and acridine orange (6) .
RESULTS AND DISCUSSION FA staining. S. necrophorus cells isolated from bovine liver abscesses reacted strongly with the labeled homologous antiserum. Figure 1 illustrates the typical intense fluorescence exhibited by actively growing S. necrophorus rods. Direct smears from 50 bovine liver abscesses obtained at different times invariably contained pleomorphic bacilli showing staining reactions of 3 + to 4+. A representative smear from an abscess (Fig. 2) demonstrates a cluster of fluorescing filaments among nonspecific fluorescing pus cells. The occurrence of nonspecific fluorescence by tissue cells and inert materials was of little consequence since the specific fluorescence of the test organism was quite intense and of a different color (bright apple green) than that of other materials (yellow, orange, red, or dull yellow-green). Absorbing the conjugates with dried liver powder (13) appeared to reduce the intensity of nonspecific reactions in tissue smears. Similarly, pretreating the smears with a gelatin preparation (3) before FA staining was effective in decreasing nonspecific fluorescence in soil smears and, to some extent, in tissue smears.
The agglutination titer of the antiserum was found to be 1:1,600. Five distinct precipitin bands were produced between the wells of the antiserum and the cytoplasmic fraction (18,000 x g supernatant fluid) by double agar-diffusion technique. Reactions between the antiserum and intact cells revealed three clear bands, whereas the crude cell wall fraction (18,000 X g pellet) elicited only one weak band. This observation suggests that S. necrophorus antigens prepared from disrupted cells might prove a better way of eliciting antibody response than using whole cell antigens.
Antibody conjugates derived from the two serum fractionation methods were both satisfactory and did not exhibit any obvious difference in staining the test organism. The rivanol fractionated antiserum, however, revealed fewer nonspecific reactions than antiserum precipitated directly with ammonium sulfate.
Specificity test. None of the heterologous bacterial species subjected to FA staining crossreacted with the S. necrophorus-conjugated antiserum (Table 1) . Fusiform bacilli cultures derived from a case of bovine foot-rot and a chronic foot infection showed strong staining reactions. These isolates were found to possess morphological, biochemical, and pathogenic characteristics assigned to S. necrophorus species. Furthermore, results from a comparative gel diffusion test and disc gel polyacrylamide electrophoresis suggested the presence of certain antigens common to the foot isolates and the test organism. Thus, the S. necrophorus-conjugated antiserum appeared to be species-specific. Griffin (11) (Table 3) , although aerobic incubation at higher temperatures (37 and 22 C) effected a progressive reduction of the cell fluorescence after 8 weeks of incubation. The fluorescence of cells kept aerobic at 4 C and anaerobic at 37 C appeared to be maintained up to the last sampling date (16 weeks). When cultural and acridine orange staining methods were used as adjuncts to the FA technique, S. necrophorus was found to survive under both sterile and unsterile soil conditions for as long as 8 weeks (Table 4) . Cells in unsterile soil, however, became progressively shorter starting at the 2nd week so that by the 8th week their length had decreased to about onehalf to one-third that of cells inoculated to autoclaved soil. Coccoid forms of the test organism also appeared more numerous in the unsterile than the sterile soil. This morphological reaction might be a survival mechanism against an apparently competitive environment. The relatively prolonged survival in soil of S. necrophorus even under aerobic maintenance might be due to anaerobic pockets occurring in the lower portions 
